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Annealing of Ion implanted silicon by an Incoherent light

H. A. Bomke, H. L BsdwwNz ~ N. Hwmstz , S. Kronenberg, arid P. t.ux
U I  4,.., £bcNpsic, T&l..ü. , * DuNce. Laknsc.~. (ZLIDCOM). Fo,~ Momecuth. N.w
— O?TOS
(Reelunt II A~~~ 157$; -- -

~~~~~~~ ~~ p-~~ ’--’.~~ 26 3lpic.ihir 1975)

of buena- Nbuon 571 eagle I S.pom pub. from a flesh lump ha. been observed. The
on~~ duuNiy wee 27 J/c& iddsse on the U1~oe• Electrical activity of boron was coinpanbie

PA~~ aumb~~ 6).70~Tn l Ib EL ll~bIs

Laser aenealing of ton-Implanted semiconductors Is where A I. the linear absorption coefficient = 101/cm, I)
curr ently of Interest as an alternative to thermal Is the dilfusivity = 0.9 cm’f.ec, c Is the specific heat
annealing. In this Letter we report the successful =0. 7 J/ g C, p Is the densIty =2.33 g/e n’, and 1(1) Is
anneali ng of boron-Implanted silicon by a single Light the power density absorbed by the silicon (assumed to
pols. from a h*gh.pow.r flash lamp, be two-thirds of the Incident power density). This

p ~.s i e i~~~~~~~ i rn— ’ equation was Integrated numerica lly: typical results are
- - or purposes caper me . n , we assu 

~~ ~~ h ~ ~that for annealing the silicon surface must melt . On this • ea us on was aecoun or

basis we calculated th. energy density required for by demanding that the calculated temp erature rise ebqve
annealing with various-Length Light pulses. We calcula- the me ting point y a fusion temperature defined as
ted the temperature evolution and profile of the silicon ea o US o ., spec c ea 0
using a one-dimensional diffusion equstlon with the Figure 2 shows the calculated Incident energy density
following boundary conditions: a rectangular Incident required to reach the melting temperature and to melt
light pulse which is absorbed exponentially versus depth, the surface for varying-duration rectangular Incident
with no outward heat loss from the surface. The tight pulses. Experimental points where annealing has
general solution (assuming no melting) is been reported are shownt~~; also shown is a calculation

* A of thre shold for melting assuming a Gaussian incident - 
-
,

Tfr, s) =1 cr + r)—Ift’) dr , pulse. ’ Our calculation indicated that ther e is a region
• Co of pulse length and energy density that is accessible by

______ ~ \ /~e~ \ a spark-d ischarge flash lamp operati ng In the micro-
P.ni exp(* Ax)er fc 

~ 
* cap 

~~~~ second range.
An available 18-ky capacitor bank of 60-a F capaci-

~ 1.4D(s — I’), - lance was used to power the flash lamp shown schemat-

-
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5. .5FIG. 1. temperabire profile In alilcois at th. end of a 1~Vcmt I

pulse of A— w ’-.eo, B—i0~-..o, C— 104-sec duration, 
FIG. 3. Flssh-I.mp dssigs.

icafly In Fl1. 3. To inc reas, the Light uti lization , ~~ of 30 Torr was selected. At this pressur, th. lighttungsten electrodes were surrounded by a hemisithericat outp ut ii not reduced significantly from that at highaluminum mirror. The silicon sample, were located 
~r,amr, and th. shock wave at the .ampi. Is stillwithin the statnl. ss.ste.l enc losure of the flash Lamp acceptably low. Figure 4 shows a pal.. r.cordiag forabout 4 cm from the center of curvature In order to at 30 Torr as m.uvr.d by a photocell.produce sufficiently unifor m Illumination of the 1-em

surface. This location also reduced the effect of the The samples used were polished waters at 115cm
acoustic shock wave which was also focused by the (ill) a typ. silicon i~ip’~~~.d with ~Qt bores/cm at
mirror and frequently destroyed our early sample .. 50 key. After exposur, the samples were cleaned in RIP

and hot chrontic acid and Fu med Is doloida.d water toBoth arg on and xenon were used a. filling gases at remov , any possibl, srface deposits. They were thenpressure, from 5 to 1500 Torr. In all cases, a stro ng examtn ~~ ~y ~otis two pou d-pra. surface spreadinglight puLse of 15-~asec dur at ion was obtained. The resistanc, measurements and four-point-prObe sheetduration of the puli. Ii govern ed mainly by the ..Lf- resistanc, measurements. Before sapamur, She spread-Inductance of the capacitor bank. An operati ng pressure lug resistance was 5500 15; att.r flash annsaling It
dropped to as Low as *35 15. For compari son, a__ 

____________________________ thermally annealed sample (500’C, 00 mist) showed a
‘.111 7 .~ spre ading resistance of ISO 13. Sheet resistances for/ / tue nash-annealed samples were between ISO and

220 P/0 for the thermally annealed sample It was/ 7 I tS fl/tI . The reduction of both sprr ’-tdt ng utd sheet/ / resistances after ft..h exposur. to values comparable/ / to thermal ly annealed samples Ind icated that annealing —

/ / (1... , Increased electrical act ivity of (hi boron and/ / decreased crystal damage) hi been achieved.IW.ouS-..j /
T / The mirror wa, exposed to hot gas.. and evaporatedI / / 

. 
mater ial timid. the containe r; after many flashes It.

~—,/ / surface roughened and blackened and had to be re-I ~~~

‘ 

/ polished. In no case was aexealing sees with the mirror

_ _ _ _ _ _ _ _ _

wean ma
n,

~~~~~~~~~nt• at• 
~~~~~~

ofp of ’ I
750. 1. Calculntsd sas~~y du ally Incident as the surfa ce ate 

________________sill... ala versu s pains width. A—To produce cOmplet. melt • • — •at She serfs.,, B—to hunt the surface to She melting point. ~roto rs to a p~~,1oueIy otasau~sJ laser mauling; ~ mt.ra to a
previous calenintlos ci mskisg threshold. The parsathstlcsl 710. 4. Oeelflogrspk at typical ligts pulse under cpsrnt*ngessnsbeys Indent. corresponding retsr.sces. coadltlcss ci 11 kV 30 Ton erg.. . 
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degrsded, indicat ing that efficient light focu, was a 1CL A. Kackurist. N. Il. Pridackta. and L. 8. Smlrsor . 8cr.
requirement for annealing. Pkya. -.Senticood. $, 54$ (1)76).

‘A. Kb. Antonsuko, N. N. Ger.sfm.nko, A. !. ‘vurechia.ktt,
The energy densIty required for ann.~ling was mea- L8. Sml rnov, sad G.M. TheitlIa . 8ev. Phys. —Semicc.d.

mired by placing a total-absorption calorimeter In the 10, 51 (107$).
sampl. bolder. U nder condition, which gave ~~~ 

1.B. kba*buItIa. F.L. Shtyvkov. ti N. Zari por. 14.7.
ann.sling the incident energy density was 27 i/em’. This and C. C. Zakirov. Soy. Ph3’s. -Sea*ooad.

value Is agprvithnst.ly the calculated value m r  surf ace ‘0.?. Young, ( .w . while, G.J. Clark, J. Narsyin. W.H.
melting. However, we have no direct evidence that the ChrIati,, N. Murakami. P. W. King. ‘d  S.D. Kramer.
surfac, actually melted. Asul. Skye. lat 22, 13) 11572).

‘1. A. Golcichenko sad 1’. N C .  Venkats.ast. Appi. Shy..
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